This article will discuss the benefits of the downsizing approach (in particular when combined with transradial access), barriers to its successful implementation and strategies to overcome these barriers.
The Benefits of Downsizing
Downsizing from large diameter catheters, such as 8 Fr catheters, to the now-standard 6 Fr catheters has been associated with a number of favourable clinical and procedural outcomes, even when the transfemoral route was used. A large retrospective study in Michigan (n=103,070) compared outcomes in patients who underwent PCI using 6 When using the transfemoral approach, reducing catheter size has been shown to result in early ambulation and enhanced comfort, without significantly reducing the quality of coronary angiography. [9] [10] [11] [12] Clinical trials have shown a lower arterial puncture-related morbidity rate when the catheter diameter is reduced from 8 to 4 Fr. [13] [14] [15] Diagnostic coronary angiography has therefore been attempted for several years using 4 Fr catheters. 16, 17 Furthermore, there are certain clinical situations in which a downsized catheter can be advantageous. Some severe calcified coronary lesions or tortuous vessels may resist the advancement of the stent due to a lack of support of the guiding catheter. In such cases, switching from a 6 Fr to 5 Fr catheter has been reported to allow a safe and deep engagement. 18, 19 It has been demonstrated that downsizing leads to a reduction in the amount of contrast agent used and to shorter fluoroscopy time.
Fluoroscopy time also improves with experience: when performing PCI with 4 F catheters, Takeshita et al. observed a significant reduction in fluoroscopy time (8±6 minutes versus 17±15 minutes, p<0.05) and in the amount of contrast dye used (64±33 ml versus 90±46 ml, p<0.05) between the early phase and the late phase of their experiment. 20 No access site-related complications were observed in either phase.
Reducing the amount of contrast agent used has a positive effect on safety, as it lowers the risk of contrast-related allergy. Furthermore, the use of contrast may be associated with contrast-induced nephropathy (CIN), a frequent cause of hospital-acquired acute or chronic renal insufficiency in patients undergoing cardiac catheterisation and PCI. 21 CIN incidences of 14 % have been reported in patients undergoing PCI, with a substantial increase in in-hospital mortality. 22 In the Michigan study, larger catheter sizes were associated with a higher amount of contrast used and a higher risk of CIN (OR for 7 (see Figure 2 ). Radial artery occlusion has been reported in approximately 5 % of patients following transradial artery coronary angioplasty, and its occurrence is higher in case of catheter-artery mismatch and/or prolonged compression. 28 The use of a downsized catheter combined with a transradial approach results in a smaller incision to the wrist, and therefore less trauma and a shorter period of haemostasis. 27 When operators are careful to keep perfusion into the radial artery during arterial compression ('patent' haemostasis), not only is the risk of radial artery occlusion further reduced, 29 but also arterial compression can be stopped earlier.
There are considerable data to support the premise that the use of smaller guide catheters, whether transfemoral or transradial, may result in enhanced clinical outcomes in patients undergoing PCI.
As well as benefits in terms of patient safety and comfort, the use of downsized catheters for interventional cardiology also has significant financial advantages. Reduced patient ambulation time means same-day discharge and a higher patient turnover.
Reducing the amount of contrast agent used, reducing patient complications and avoiding the use of closure devices can lead to further cost savings.
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Implementing the Downsizing Approach
The advantages of downsized catheters are evident from the above.
However, there are also limitations to the downsizing approach.
Smaller catheters are more difficult to handle: a comparison between To overcome some of the potential limitations of downsizing, automated contrast injectors (ACIs), such as the ACIST CVi™ Contrast Delivery System (see Figure 3) , have been developed. Such advanced contrast delivery systems may help overcome the limitations of delivering contrast with a hand syringe and a patient manifold.
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The ACIST system has been developed to facilitate contrast injection in all angiography procedures. It features a pneumatic hand controller (see Figure 4 ) that allows the operator to control the flow and volume of contrast media directly from the sterile field. The ACIST system is an operator-assisted, variable-flow contrast delivery system that enables the operator to customise the flow and volume of contrast agent to be injected, thereby ensuring that the contrast agent is delivered precisely and predictably. 38 Coronary angiography trials via the femoral route have verified the benefits of the ACIST Contrast Delivery System. By reducing the overall procedure time, the ACIST system helps to reduce radiation exposure. 39 The use of a hand controller to inject contrast allows the operator to increase the distance between the X-ray source and the patient, potentially reducing the radiation dose received by the operator. Compared with the use of standard catheters alone, the combined use of downsized catheters and a variable-flow contrast delivery system has been shown to result in improved visualisation and similar or better quality interventional cardiology procedures 11, 12, 16, [40] [41] [42] [43] (see Figure 5) . In a prospective, (119±35 ml versus 159±52 ml, p=0.001) (see Figure 6 ). 12 In another study comparing 4 Fr and 6 Fr catheters used with the ACIST system, the quality of the angiographic runs obtained with 4 Fr catheters was evaluated as satisfactory or excellent in 85 % of cases. 42 In a comparative study of 4 Fr catheters used with the ACIST system versus hand-manifold 6 Fr catheters in 1,816 patients undergoing coronary angiography, the 4 Fr catheters achieved an acceptable diagnostic quality while simultaneously reducing contrast media consumption and radial artery injury. 44 The variable-flow contrast delivery technique is safer, cleaner and simpler than manual injection because there is no unnecessary use of contrast and thus less contrast-related adverse events. In an Israeli study comparing traditional manual injection of contrast with the ACIST system (n=453), the latter used a significantly smaller volume of contrast. 45 The difference was largely attributable to a reduction in waste, but there was also a decrease in per-patient contrast volume of up to 25 %. Another study (n=450) showed an up to 39 % reduction in contrast volume when using the ACIST system compared with manual injection (100±42 ml versus 163±56 ml, p<0.001, respectively), as well as a significant reduction in fluoroscopy time. 39 A time and motion study found that power contrast injection was more efficient than manual injection, resulting in a 31 % reduction in set-up and procedure time (see Figure 7) . 31 Automated injection has also been shown to result in a significant reduction in CIN. The incidence of CIN was assessed in 1,798 patients after diagnostic catheterisation or PCI using traditional manual injection systems, and in 377 subsequent patients after diagnostic catheterisation or PCI using an automated contrast injection system. CIN occurred less often in the automated injection group than in the manual injection group (13.3 % versus 19.3 %, respectively, p<0.05), corresponding to a 31.1 % reduction in the incidence of CIN. 46 As well as bringing advantages in terms of image quality and safety, the use of variable-flow injection techniques will ultimately lead to cost savings, as they require less personnel (usually one operator is enough), avoid any unnecessary use of contrast and allow early ambulation.
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Conclusion
There has been a long-term trend towards downsizing in There needs to be a paradigm shift towards using the downsizing approach. Medical institutions that have experience with both transradial approach and downsizing bear the responsibility to share their expertise and collaborate with starting centres. There will be a need for further training of interventional cardiologists, as the use of downsized catheters requires practice and expertise. These should be seen as opportunities, rather than limitations, to set new and higher standards in patient care. n 
